Abstract.— The stomach con-
tents of 1,215 anadromous ale-
wives collected during winter and
summer groundfish research sur-
veys (1990-91) off Nova Scotia
were examined to 1) describe the
diet by season, area, bottom depth
(<101 m, 101-200 m, >200 m),
time of day and fish size (<151
mm, 151-200 mm, 201-250 mm,
>250 mm FL), 2) evaluate diel
feeding periodicity, and 3) estimate
daily ration. Euphausiids, particu-
larly Meganyctiphanes norvegica,
were the most important prey and
represented more than 82% by vol-
ume of total stomach contents sea-
sonally and geographically. Contri-
butions by other prey groups
(hyperiid amphipods, calanoid
copepods, crustacean larvae, poly-
chaetes, chaetognaths, mysids,
pteropods, and fish larvae) were
small and varied temporally and
spatially. The proportion of eu-
phausiids in the diet of alewives
from the Scotian Shelf (winter)
and Bay of Fundy (summer)
tended to increase with increasing
depth. Day and night differences
in diet composition indicate that
alewives may particulate-feed on
macrozooplankton when prey vis-
ibility is high and filter-feed on
microzooplankton when prey vis-
ibility is low. Diet composition was
relatively homogenous among ale-
wife size groups with euphausiids
composing most of the total food
volume. Alewives of different size
groups ate similarly sized M.
norvegica, generally the largest M.
norvegica available. Diel feeding
activity (stomach fullness) peaked
at mid-day (summer collections)
and mid-afternoon (winter collec-
tions); feeding activity was re-
duced at night. In all areas, feed-
ing activity and the proportion of
feeding fish was highest in regions
where bottom depths exceeded 200
m. Mean stomach fullness was
highest during summer in the Bay
of Fundy and during winter on the
Scotian Shelf; these regions are
seasonally important foraging ar-
eas for alewives off Nova Scotia.
Daily ration was 1.2% of body
weight during winter and 1.9%
during summer.
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The anadromous alewife, Alosa pseu-
doharengus, is a clupeiform fish
whose range extends from New-
foundland to North Carolina
(Bigelow and Schroeder, 1953). Off
Nova Scotia, alewives occur through-
out the year in regions characterized
by strong tidal mixing and up-
welling in the Bay of Fundy-east-
ern Gulf of Maine and are abun-
dant during spring in the warmer,
deeper waters of the central
Scotian Shelf and areas of warm
slope water intrusion along the
Scotian Slope and the edges of
Georges Bank (Stone and Jessop,
1992). In the Maritime provinces of
Canada and Atlantic coastal
United States, alewives and
blueback herring, A. aestivalis, are
fished commercially during their
spring spawning migrations and
are often marketed together as
gaspereau or river herring. Little is
known about the importance of ale-
wives as predators in the marine
environment or about their feeding
habits and food consumption rates.

Alewives are generally classified
as size-selective, particulate and
filter-feeding microphagists and
can actively feed on individual
zooplankton or passively feed by
filtering the water with their gill
rakers (Janssen, 1976; Durbin,
1979; James, 1988). Feeding mode

depends on prey density, size, and
visibility, and on predator size
(Janssen, 1976, 1978a, 1978b;
Durbin, 1979). The ability to switch
feeding modes enables alewives to
consume a wide size range of prey
in a variety of environmental con-
ditions. Size-selective predation by
juvenile and nonanadromous fresh-
water alewives can shift the species
and size composition of zooplank-
ton communities towards smaller
forms (Brooks and Dodson, 1965;
Brooks, 1968; Wells, 1970; Wars-
haw, 1972; Vigerstad and Cobb,
1978). No information is available
on size-selective predation in the
ocean; however, in Minas Basin, a
turbid macrotidal estuary, alewives
were generally particulate feeders
of larger, benthic prey rather than
smaller pelagic prey (Stone and
Daborn, 1987).

Information on the feeding hab-
its of anadromous alewives in the
ocean is limited to qualitative as-
sessments but is better known for
freshwater juveniles (Vigerstad
and Cobb, 1978; Gregory et al.,
1983; Jessop, 1990) and estuarine
resident subadults during summer
(Stone and Daborn, 1987). Eu-
phausiids, calanoid copepods and,
to a lesser extent, hyperiid amphi-
pods, chaetognaths, mysids, ptero-
pods, decapod larvae, and salps
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have been identified as prey for alewives in conti-
nental shelf waters from North Carolina to Nova
Scotia (Holland and Yelverton, 1973; Edwards and
Bowman, 1979; Neves, 1981; Vinogradov, 1984; Bow-
man, 1986). However, none of these studies were
comprehensive.

We examined the stomach contents of anadromous
alewives obtained from winter and summer ground-
fish research surveys on the Scotian Shelf, Georges
Bank, and in the Bay of Fundy to determine the
importance of these regions as foraging areas for
these fish. Seasonal, spatial, diel and size-related vari-
ability in feeding are examined. Daily ration is esti-
mated from information on diel feeding periodicity.

Materials and methods

Data collection

Alewives were collected from seven groundfish re-
search surveys conducted by the Canadian Depart-
ment of Fisheries and Oceans in three regions
(Georges Bank, central Scotian Shelf, and outer Bay
of Fundy) during winter (February—March) and
summer (July) over a two-year period (1990-91)
(Table 1). All surveys used a Western ITA bottom
trawl with a 10-mm stretched-mesh liner in the cod
end. Thirty-minute tows at each sampling station
were conducted throughout the 24-hour day. Up to
40 fish of representative size range from each set
were frozen for later analysis. Bottom water tem-
perature (°C), time of tow deployment, latitude, lon-
gitude, and bottom depth (m) were recorded for each
set. Stomach content data were grouped by season
and sample location: Winter-Fundy, Winter-Shelf,
Winter-Georges, and Summer-Fundy (Fig. 1). Stone

and Jessop (1992) provide additional details of the
survey area and procedures, and seasonal distribu-
tion of fish.

Fork length (mm), weight (g), sex and species (de-
termined by peritoneal colour (Leim and Scott,
1966)) were recorded for each fish. Whole digestive
tracts, individually identified, were preserved in 4%
buffered formalin.

Diet analysis

Stomachs were weighed (+0.01 g) and the contents
ranked subjectively using a fullness code (0=empty,
1=12% full, 2=25% full, 3=50% full, 4=75% full,
5=100% full) and a digestion code (1=finely digested,
nothing recognizable; 2=medium digestion, some
recognizable parts; 3=some digested, some undi-
gested material; 4=undigested whole animals). The
stomach content weight was obtained by subtract-
ing the weight of the empty stomach from the total
stomach weight. Stomach content weight, as a per-
centage of fish body weight (%BW), was used as an
index of fullness to evaluate feeding activity and
estimate daily ration. Stomach contents were iden-
tified (to species where possible), enumerated, and
the volume of each food type estimated by means of
a points system (Swynnerton and Worthington,
1940; Stone and Daborn, 1987).

For diet analysis, prey taxa (Table 2) were
grouped into nine categories based on taxonomy and
ecology: 1) euphausiids (Meganyctiphanes norvegica
and some Thysanoessa spp.); 2) hyperiid amphipods
(Parathemisto gaudichaudi); 3) calanoid copepods
(Calanus spp., Centrophages spp. and Metridia spp.);
4) polychaetes (Nereis spp. and unidentifiable spe-
cies); 5) fish larvae (Ammodytes dubius and uniden-
tifiable species); 6) mysids (Neomysis americana); 7)

Table 1

Stomach and fork length statistics, by season and geographic area, for alewives, Alosa pseudoharengus, ob-
tained from groundfish research surveys conducted off Nova Scotia (1990-1991).

Collection date Number Fork length (mm)
Stomachs
Season and area 1990 1991 Sets Stomachs with prey Mean + SD Range
Winter-Fundy 2-10 Feb — 9 112 58 201.9 + 5.38 100-303
Winter-Georges 28 Feb—Mar 7 Feb 16-26 29 438 147 193.6 + 1.83 118-305
Winter-Shelf 13-19 Mar Mar 15-18 29 489 322 223.8 + 2.82 95-302
Summer-Fundy 6-10 Jul Jul 05-09 15 176 141 242.6 + 2.48 142-302
Total 82 1,215 668 213.6 + 1.86 95-305
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Figure 1

Set locations for alewives, Alosa pseudoharengus, obtained from groundfish re-
search surveys off the Atlantic coast of Nova Scotia (1990-91) grouped by season
and geographic area. Offshore banks are delineated by the 100-m depth contour;
the outer edge of the continental shelf is delineated by the 200-m depth contour.
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chaetognaths; 8) crustacean larvae (furciliae of
Thysanoessa spp. and some decapod larvae); and 9)
pteropods. The percent frequency of occurrence
(%FO), percent of total stomach content number
(%N), and percent of total stomach content volume
(%V) of prey categories were estimated for stomachs
containing recognizable food (digestion code 22). The
Index of Relative Importance (IRI=(%N+%V) x %FO)
was calculated for each prey category (Pinkas et al.,
1971) and used for various diet comparisons. Diets
were analyzed by season and geographic area (Win-
ter-Fundy, Winter-Georges, Winter-Shelf, Summer-
Fundy), as well as by depth range within season and
area, to compare food items from shallow regions
and offshore banks (<100 m), mid-depths (101-200
m) and the shelf edge or deep basins (>200 m). Diel
differences in diet composition (day and night, based
on time of gear deployment) were examined for the
entire data set. Ontogenetic differences in diet
within season/area were examined by grouping fish
lengths into four size classes (<151, 151-200, 201—
250 and >250 mm FL), which were assumed suffi-
cient for detecting shifts in prey composition. Data
from 1990 and 1991 were combined for all compari-

sons because the ranks of IRI values for all prey
categories between years were highly correlated
(Spearman rank correlation coefficient (r )=0.67;
P<0.05; n=9).

Predator-prey size analysis

Total lengths (£1 mm, tip of rostrum to end of tel-
son) of undigested, whole M. norvegica in the stom-
achs of 55 alewives (>200 mm FL, since most intact
prey occurred only in larger fish) from Winter-
Georges, Winter-Shelf, and Summer-Fundy cruises
were compared with predator size. Thysanoessa spp.
were not measured because of poor condition.
Lengths of M. norvegica from Emerald Basin col-
lected in June 1991, by Sameoto et al. (1993) using
the Bedford Institute of Oceanography Net and
Environmental Sensing System (BIONESS) were
compared with euphausiid length frequencies from
stomach contents to estimate the proportion of the
available size range of M. norvegica consumed by
alewives. The BIONESS is not considered to be size-
selective for euphausiids (Sameoto et al., 1980).
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Diel feeding periodicity and daily ration
estimate

Diel feeding periodicity and daily ration were exam-
ined separately for winter (Bay of Fundy, Scotian
Shelf, and Georges Bank combined) and summer
(Bay of Fundy) collections because of seasonal dif-
ferences in photoperiod. Stomach fullness data from
tows within each successive 3—hour (winter cruises)
and 4-hour (summer cruises) interval were grouped
and assigned to the midpoint of the time period.
Small sample sizes precluded grouping of summer
collections into 3—hour intervals.

Daily ration (DR) of alewives during winter and
summer and by size class during winter (<151 mm,
151-200 mm, 201-250 mm, >250 mm) was esti-
mated in terms of % body weight from the model of
Elliott and Persson (1978):

(S: - Spe™™)
1R

where the consumption of food (C,) during the time
interval ¢, to ¢, is calculated from the average
amount of food in the stomach at time ¢, (S,), the
amount in the stomach at time ¢, (S,) and the instan-
taneous evacuation rate R. The estimates of C, cal-
culated for each time interval are then summed to
give the total daily ration (DR). Feeding is assumed
constant within each time interval. R is assumed
exponential and temperature dependent (Elliott,
1972), as

C = Rt;

R=ae".

The slope (b) may be fairly constant for different
prey types and fish species (mean=0.115), but the
intercept (a) changes with prey type and can be
estimated from gastric evacuation experiments
(Durbin et al., 1983). Gastric evacuation rate data
are unavailable for anadromous alewives; therefore,
an intercept (@=0.0406) was obtained from Durbin
et al. (1983) based on values for a variety of small
invertebrates fed to several freshwater and marine
fishes. High fat levels in the prey may retard evacu-
ation (Durbin et al., 1983) but the principal food
item in this study (M. norvegica) has a low lipid
content (Ackman et al., 1970). Average bottom tem-
peratures for winter (mean=7.16"C) and summer
(mean=7.43°C) collections were used to estimate R.

Statistical analysis

Differences in the rankings of IRI values for prey
categories (n =8) between three or more groups were
tested for significance with the Kendall coefficient

of concordance (w) (Siegel, 1956); for paired groups,
the Spearman rank correlation coefficient (r,) was
used (Fritz, 1974). Euphausiids, which consistently
ranked highest in importance in all comparisons,
were excluded from correlation analysis to reduce
bias and emphasize correlations among remaining
prey groups.

One-way ANOVA was used to examine feeding
activity, represented by the index of fullness (arc-
sine Vp transformed) by season and geographic area,
by depth range within season and geographic area
and by diel sampling period (winter and summer
collections) and to compare total lengths of eu-
phausiid prey. Paired means, adjusted for unequal
sample sizes, were compared with the Tukey-
Kramer test (Sokal and Rohlf, 1981). The relation
between predator fork length and mean prey length
was examined by linear regression for alewives with
three or more M. norvegica present in their stomachs.

Results

Alewives examined for stomach contents measured
95 to 305 mm FL (mean=213.6 mm, n=1,215); fish
from summer cruises in the Bay of Fundy were
larger on average than those from other collections
(Table 1). Capture depths ranged from 36 to 269 m,
although most (75%) specimens were obtained from
regions 101 to 200 m deep.

Recognizable prey from over 20 different taxa oc-
curred in 55% (668 of 1,215) of stomachs examined
(Table 2). Over 95% of the total prey number, vol-
ume, and frequency of occurrence were crustaceans
(Table 2). Euphausiids were the most prevalent (91%
by volume); Meganyctiphanes norvegica were domi-
nant by volume (61%) and furcilia larvae of
Thysanoessa spp. were dominant numerically (32%).
Other prey, including hyperiid amphipods, calanoid
copepods, crustacean larvae, mysids, polychaetes,
chaetognaths, pteropods, and fish larvae contributed
little and varied temporally and spatially in relative
importance.

Diet composition by season and area

Euphausiids were the most important food of ale-
wives during winter and summer for all areas (Fig.
2). During winter, alewives from the outer Bay of
Fundy and Georges Bank fed almost exclusively on
euphausiids (99% and 95% of total volume, respec-
tively). On Georges Bank, small (%V<3) proportions
of calanoid copepods, hyperiid amphipods, and ptero-
pods were also consumed. Prey diversity was great-
est for alewives from the Scotian Shelf; euphausi-
ids dominated by volume (82%) but were numeri-
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percent by volume.

Table 2

Prey items found in the stomachs of alewives, Alosa pseudoharengus, collected from groundfish research
surveys off Nova Scotia, 1990-91. %FO = percent frequency of occurrence, %N = percent by number, %V =

Prey item %FO %N %V Prey item %FO %N %V
Crustacea 97.6 95.0 973 Decapoda 0.5 0.1 <0.1
Euphausiacea 91.3 724 91.0 Zoea 0.2 <0.1 <0.1
Meganyctiphanes norvegica 377 294 60.9 Megalopa 0.3 0.1 <01
Thysanoessa spp 6.9 4.5 6.0 Cirripedia Cypris larvae 0.2 <0.1 <0.1
Thysanoessa spp furcillia 3.7 32.1 1.2
Unidentified Euphausiacea 40.1 6.3 23.0 Insecta Hymenoptera 05 <01 <01
Polychaeta 1.8 0.1 0.5
Amphipoda 15.9 4.7 48 Nereis spp 1.1 0.1 0.4
Hyperiidea 15.6 42 44 Unidentified Polychaeta 08 <01 01
Parathemisto gaudichaudi 9.9 3.1 2.9
Unidentified Hyperiidea 5.7 1.0 15 Chaetognatha L1 3.6 <05
Gammaridea 0.3 0.5 0.4
Caprellidea 0.2 <01 <0.1 Hydrozoa 0.3 — <01
Gastropoda Pteropoda (Limacina) 5.1 0.8 0.3
Copepoda 8.2 17.4 1.2
Calanoidea Teleost larvae 3.9 0.5 14
Centrophages spp 3.1 1.3 0.2 Ammodytes dubius 2.7 0.5 1.0
Calanus spp 0.5 0.7 <0.1 Unidentified fish larvae 1.2 <01 04
Metridia spp 2.0 1.1 <0.1
Unidentified calanoids 69 143 09 Algae _ 12— 02
Organic material 0.6 — <01
) Unidentified remains 6.6 — 0.8
Mysidacea
Neomysis americana 0.2 0.4 0.2 Total stomachs with food 668
Total prey number 14,752
Cumacea 0.3 <0.1 <0.1 Total prey volume (points) 25,232

cally less than in other areas. Hyperiid amphipods,
(Parathemisto gaudichaudi), ranked second in im-
portance (%V=10), followed by crustacean larvae
(furciliae), calanoid copepods, and fish larvae,
(Ammodytes dubius). During summer in the Bay of
Fundy, alewives fed heavily on euphausiids (%V=95)
but also consumed chaetognaths, mysids, and poly-
chaetes (second, third, and fourth in importance).

Rankings of IRI values (excluding euphausiids) for
Winter-Georges, Winter-Shelf, and Summer-Fundy
samples were not significantly correlated (w=0.22,
P=0.701), indicating seasonal and geographic differ-
ences in the dietary importance of these lesser prey
categories. Winter-Fundy samples contained too few
prey categories to be analyzed.

Diet composition by depth range

For Winter-Shelf and Summer-Fundy collections,
the proportion of euphausiids in the diet increased
with increasing depth (Fig. 3). At bottom depths less
than 101 m on the Scotian Shelf, euphausiids com-
posed 64% of total volume and 22% of total number;
at 101 to 200 m, %V = 83 and %N = 23 and at depths

greater than 200 m, %V = 96 and %N = 95. During
summer in the Bay of Fundy, euphausiid consump-
tion increased with depth such that at less than 101
m, %V = 82 and %N = 35; at 101 to 200 m, %V = 97
and %N = 97; while at depths greater than 200 m,
both %V and %N = 100. Other prey categories gen-
erally decreased in number with increasing depth
as did their relative proportion. For both Winter-
Shelf and Summer-Fundy collections, prey diversity
and abundance were greatest where bottom depths
were less than 101 m.

Multiple correlations of IRI values for prey cat-
egories (excluding euphausiids) between the three
bottom-depth interval groups were not significant
(w=0.54, P=0.12) for Scotian Shelf collections and
reflect the decreasing number of prey categories
with increasing depth. For Summer-Fundy samples,
the Spearman rank correlation of IRI values for the
two shallower depth-intervals was not significant
(r,=-0.35, P>0.05) and euphausiids were the only
prey at depths greater than 200 m.

Depth-related differences did not occur in the
euphausiid-dominated diet of alewives from the
Winter-Fundy and Winter-Georges collections at
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Figure 2

etognaths; Mys = mysids; Poly = polychaetes.

Winter-Georges

Summer-Fundy

—i=20% FO

Relative importance of prey categories in the diet of alewives, Alosa.
pseudoharengus, collected from groundfish research surveys off
Nova Scotia (1990-91), ranked from highest Index of Relative Im-
portance (left to right) by season and area. n = number of stom-
achs with prey; %FO = % frequency of occurrence; %N = % of total
prey number; %V = % of total prey volume; Eup = euphausiids; Cop
= calanoid copepods; Pter = pteropods; Amp = hyperiid amphipods;
Crular = crustacean larvae; FishLar = fish larvae; Chaet = cha-

numbers and volumes were ingested
during the day (%#N=74, %V=92) than
at night (%N=16, %V=85) (Fig. 4). IRI
values for day and night collections
were not significantly correlated
(r,=0.26, P>0.05) reflecting the
greater consumption of hyperiid am-
phipods during the day and copepods,
crustacean larvae and fish larvae at
night.

Diet composition by size class

Diet composition was relatively homo-
geneous among alewife size groups
(<151 mm, 151-200 mm, 201-250
mm, >250 mm) with euphausiids com-
posing most of the total food volume
(Fig. 5). Multiple correlations of IRI
values for prey categories (excluding
euphausiids) by fish length group
were significant for both the Scotian
Shelf (w=0.58, P=0.024) and Georges
Bank (w=0.65, P=0.011). For Sum-
mer-Fundy collections, diets of the
two largest size groups were nearly
identical; IRI values were not signifi-
cantly correlated (r =0.38, P>0.05)
due to slight differences in the
rankings of minor prey categories
(i.e., amphipods, mysids, polychaetes,
chaetognaths).

Prey size composition

Alewives ingested similar sizes of M.
norvegica during winter (Georges
Bank, Scotian Shelf) and summer

bottom depths exceeding 101 m (no fish were ob-
tained at bottom depths less than 101 m). IRI
rankings of prey categories between depth groups
for Georges Bank collections were highly correlated
(r,=0.89, P<0.01). Too few prey categories were
present for analysis of Winter-Fundy collections. In
both winter and summer, most euphausiids con-
sumed at depths less than 101 m were Thysanoessa
spp. which are smaller than M. norvegica and pre-
fer shallower regions (Table 3).

Diel variation in the diet

Although euphausiids occurred in over 85% of ale-
wife stomachs from day and night collections, higher

{Bay of Fundy) (Fig. 6). Modal peaks

in euphausiid size appeared at 25-27
mm and 30 mm on the Scotian Shelf and at 30-35
mm for Georges Bank and the Bay of Fundy. In com-
parison, M. norvegica from Emerald Basin
BIONESS collections in June 1991 were bimodally
distributed at 25-27 mm and 34 mm. Euphausiids
larger than 29 mm were proportionately less fre-
quent than in stomach contents.

Mean lengths of M. norvegica consumed by ale-
wives varied by season/area group (F,,,,=65.5,
P<0.001), although differences between means were
small (Winter-Georges: mean=32.113.13; Winter-
Shelf: mean=28.7+3.72; Summer-Fundy: mean
=31.2+3.64). The average size of euphausiids con-
sumed did not differ (F, ;,=3.31, P =0.075) with ale-
wife size (range: 225-300 mm FL).



Stone and Jessop: Feeding habits of Alosa pseudoharengus

163

Feeding activity

Feeding activity, as indicated by
mean stomach fullness index
values, varied by season/geo-
graphic area (F;,,,,=46.20, P<
0.001). Mean stomach fullness
was highest for Summer-Fundy
and Winter-Shelf collections and
lowest for Winter-Fundy and
Winter-Georges collections (Ta-
ble 4). The proportion of feeding
fish was highest during summer
in the Bay of Fundy (80.6%) and
lowest during winter on Georges
Bank (33.6%). Stomach fullness
was significantly higher at bot-
tom depths greater than 200 m
for all but the Winter-Shelf col-
lections, where mean fullness
did not differ among depth

Winter-Shelf
1004 <101 m (n=49)

Fishlar

101—T—T7T 71T T 7T 1"

100 101-200m (n=262)

%V 60

Summer-Fundy
1007 <101 m (n=33)

%N

%V

1001 ™

100 101-200 m (n=72)

%N &0
20
20

%V 6o

groups (Table 4). Similarly, the

100+

proportion of feeding fish was
highest in areas exceeding 200 m
deep for all collections.

Alewife feeding activity varied
throughout the diel period dur-
ing winter (F;,,4,=24.97, P<
0.001) and summer (F5‘196= 7.98,
P<0.001) with maximum full-
ness in both seasons occurring %V
near mid-day (Fig. 7). In winter,
feeding activity was extremely

%N °°

100+ >200m (n=11)

LI L L

>200m (n=236)

%N

%V

variable: mean fullness was high
during early morning (0001
0430 hours), declined until dawn
(0730), increased sharply until
early afternoon (1330), declined
again in late afternoon (1630)
and then increased after sunset
before falling off again prior to

—i=20% FO

Relative importance of prey categories in the diet of alewives, Alosa
pseudoharengus, obtained from groundfish research surveys off Nova
Scotia (1990-91), ranked from highest Index of Relative Importance (left
to right), by depth range, for Scotian Shelf (winter) and Bay of Fundy
(summer) collections. (Symbols as in Fig. 2).

—i=20% FO

Figure 3

midnight. During summer, diel
feeding activity was much more
constant, although sample sizes were smaller and
stomach fullness more variable. Feeding activity in-
creased gradually after sunrise, peaked by mid-morn-
ing (1000), then declined throughout the afternoon and
evening until just prior to midnight (2200). Although
alewives fed actively at night during winter, peak feed-
ing generally occurred during the day in winter and
summer.

Daily ration

Daily consumption of alewives in the field was about
1.22% BW at 7.16°C during winter and 1.88% BW

at 7.43°C during summer (Table 5). The winter daily
ration of alewives generally decreased from 1.95%
BW for fish less than 151 mm FL to 1.13% BW at
151-200 mm FL, 1.19% BW at 201-200 mm FL and
1.00% BW at larger than 250 mm FL.

Discussion

Our study clearly indicates that alewives off Nova
Scotia feed primarily on euphausiids, particularly
Meganyctiphanes norvegica; much smaller contribu-
tions are made by other prey. Alewives from the
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Table 3

Mean number of Meganyctiphanes norvegica and Thysanoessa spp. in
the stomachs of alewives, Alosa pseudoharengus, by depth interval
within season and geographic area from groundfish research surveys
off Nova Scotia (1990-91). n = number of stomachs with prey.

stable than for other prey spe-
cies (i.e., chaetognaths,
hyperiid amphipods, calanoid
copepods, mysids), most of
which undergo fluctuations in
abundance progressing from a

M. norvegica

Thysanoessa spp.

spring low to a summer high

%N 60 %N 80

%V %V

101+—TT T T 71T 77171
—i=20% FO

10+—T T T 717

T
—=20% FO

Figure 4

Relative importance of prey categories in the diet of alewives, Alosa
pseudoharengus, obtained from groundfish research surveys off Nova
Scotia (1990-91), ranked from highest Index of Relative Importance
(left to right) for day and night collections (Symbols as in Fig. 2).

Depth before declining in fall and win-
Season and area (m) Mean * SD n Mean + SD n ter (Evans, 1968; Sherman and
Winter-Fundy ~ 101-200 113 + 7.36 3 54 + 081 5 Schaner, 1968; Corey, 1988;
>200 102 + 220 9 25 + 150 2 McLaren et al., 1989).
Winter_G 101200 59 + o8l 26 118 + 655 6 Small seasonal differences in
1nter—eorges " oo T °E= diet composition reflect the op-
>200 203 + 168 28 — — — A N .
portunistic foraging behaviour
Winter-Shelf <101 —_ —_ —_ 32.0 + 14.63 10 of alewives and the availability
101-200 14.7 + 141 89 96 + 3.79 20 of food types from offshore re-
>200 58 + 3.47 4 — — — . . .
gions during winter as com-
Summer-Fundy <101 189 =+ 347 14 120 + 200 2 pared with the Bay of Fundy in
101-200 219 + 2.67 48 — - summer. During winter, the
>200 275 + 239 31 23.0 — 1 di . . .
iet diversity of alewives was
greatest on the Scotian Shelf
probably because the late win-
1oy D2 oy Night incides vith the hatching and occur
(n = 378) (n = 290)

rence of the larval forms of Thy-
sanoessa spp. (Berkes, 1976) and
Ammodytes dubius (Scott, 1972),
both of which occurred only in the
diet of alewives from the Scotian
Shelf. In the Bay of Fundy, alewife
consumption of chaetognaths and
mysids in the summer reflects their
increased abundance and availabil-
ity (Sherman and Schaner, 1968;
Corey, 1988).

The increased proportion of eu-
phausiids in the diet of alewives
from the Scotian Shelf (winter) and
the Bay of Fundy (summer) coin-
cides with an increased relative

Atlantic seaboard of the United States consumed
relatively fewer euphausiids (37-56% by weight)
(Edwards and Bowman, 1979; Vinogradov, 1984)
than off Nova Scotia (82-99% by volume).
Euphausiids represent a large component of the
marine zooplankton community and are abundant
in the Bay of Fundy (Kulka et al., 1982; Locke and
Corey, 1988), Gulf of Maine (Bigelow, 1926}, the deep
basins of the Scotian Shelf (Herman et al., 1991) and
the outer shelf and shelf slope (Sameoto, 1982).
Given their two-year life cycle (Hollingshead and
Corey, 1974; Berkes, 1976), the availability and rela-
tive abundance of euphausiids is more seasonally

abundance of euphausiids with in-

creasing depth. In the Scotian Shelf
Basins, M. norvegica occur between 170 m and the
bottom with highest concentrations generally below
200 m (Sameoto et al., 1993). In the Bay of Fundy,
M. norvegica is most abundant where bottom depths
are between 165 and 200 m, while Thysanoessa
inermis occur between 95 and 155 m (Kulka et al.,
1982). The greater proportion and number of other
prey categories at depths less than 101 m on the
Scotian Shelf and in the Bay of Fundy likely result
from decreased euphausiid abundance (thereby in-
creasing the relative contribution of other prey)
rather than an absolute increase in the abundance
of other zooplankters. Depth-related variation in
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euphausiid species composition in the
diet of alewives from all regions
matches differences in the bottom
depth preferences of M. norvegica
(>150 m) and Thysanoessa spp. (100—
150 m) (Berkes, 1976; Kulka et al.,
1982; Sameoto et al., 1993).

Diel differences in the diet of ale-
wives may reflect the influence of vary-
ing light intensity on prey availability
and on their relative success in locat-
ing and capturing prey. Consumption of
microzooplankters (crustacean larvae,
calanoid copepods) was greater at night
perhaps because of increased filter-
feeding activity (Janssen, 1978b). Con-
versely, ingestion of macrozooplankters
(euphausiids, hyperiid amphipods) may
be highest during the day because visual
cues favour a particulate-feeding mode.

Large size, darkly pigmented eyes,
and a habit of forming large concentra-
tions (Mauchline and Fisher, 1969)
may make M. norvegica easily detect-
able by alewives during daylight
whereas at night, photophores along
the abdomen of M. norvegica may as-
sist detection. Most euphausiid species
migrate vertically over the diel period,
rising from deep water (150-200 m)
towards the surface at dusk, remaining
near surface throughout the

Summer-
Fundy

Winter-
Shelf

Winter-
Georges

n=35 12 141 134
100 -

13 65 34 35

&

Percentage by volume

N
Qo
T

CD
Predator length group

Figure 5

Percentage of total volume of prey categories in the diet of ale-
wives, Alosa pseudoharengus, for different size classes (mm FL)
obtained from groundfish research surveys off Nova Scotia (1990-
91). Euphausiids were the only prey category in Winter-Fundy
cruises. A: <151 mm; B: 151-200 mm; C: 201-250 mm; D: >250
mm; Eup = euphausiids; Cop = calanoid copepods; Pter = ptero-
pods; Amp = hyperiid amphipods; CruLar = crustacean larvae;
FishLar = fish larvae; Chaet = chaetognaths; Mys = mysids; Poly
= polychaetes; n = number of stomachs with food.

night, and then migrating to
the depths at dawn (Mauch-
line, 1984). Alewives also have
a diel pattern of vertical migra-
tion in the marine environment
(Neves, 1981; Stone and
Jessop, 1992) and may encoun-
ter sufficient light higher in the
water column at night to par-
ticulate feed on euphausiids.
Ontogenetic differences in
diet composition were not ap-
parent; euphausiids dominated
the diet of alewives ranging in
length from 95 to 305 mm. Ale-
wives switch from feeding pri-
marily on microzooplankton to
macrozooplankton at some
point during their marine de-
velopment and like other simi-
larly sized clupeids, concentrate
their feeding at intermediate
- trophic levels (James, 1988).
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Figure 6

Size frequency distributions of M. norvegica consumed by alewives, Alosa
pseudoharengus, obtained from winter (Georges Bank, Scotian Shelf) and
summer (Bay of Fundy) groundfish surveys off Nova Scotia (1990-91) and
from BIONESS samples in Emerald Basin (Spring, 1991). n = sample size.

165




166

Fishery Builetin 92{1), 1994

Table 4

stomachs examined (including empty stomachs).

Mean stomach fullness index (arcsine Vp transformed) by season and
geographic area and by depth interval for alewives, Alosa
pseudoharengus, obtained from groundfish research surveys off Nova
Scotia (1990-91). Mean fullness index values lacking a letter in com-
mon are significantly different (Tukey HSD, P<0.05). n = number of

and filter-feeding (Janssen,
1978b) modes.

Alewives greater than 200
mm FL generally consumed the
largest Meganyctiphanes avail-
able. Length-frequency distri-
butions of M. norvegica, which
has a life span of about two

Fullness index (%BW)

years, are typically bimodal
(Hollingshead and Corey, 1974;

% with Berkes, 1976). Alewives selec-
Season and area Depth (m) n food Mean + SD Maximum tively favor larger prey (Brooks
Winter-Fundy ~ all 12 518 23z £ 025 9.9 and _D‘;’Vd“n’ 1965; %’;’Pki“’
Winter-Georges  all 438 336 21z + 013 9.9 1968; Wells, 1970) and likely
Winter—Shelf all 489 650 3.8y + 0.10 10.0 use a particulate feeding strat-
Summer-Fundy all 175 80.6 39y = 0.21 10.0 egy in doing so. Slight seasonal
Winter—Fund 101-200 60 283 15z + 0.29 9.4 and geographic differences in
inter—Fundy — . bz % 0. . .

>200 52 788 37y + 032 9.9 the average size of M.
norvegica ingested likely reflect
Winter-Georges <101 7 286 2.1z + 0.87 5.9 size differences in euphausiid
101-200 376 28.7 1.7z + 0.12 9.9 populations rather than selec-

>200 55 67.3 4.6y * 0.46 9.9 tion by the predator.
Winter—Shelf <101 92 553 3.4z * 0.16 7.4 Dagy ratmnhcalc:l?twns
101-200 385 681 3.9z + 012  10.0 were based on the model of El-
>200 12 91.7 3.4z + 0.46 8.0 liott and Persson (1978) which
was originally intended for

101-200 87 828 36z % 0.30 10.0 .

>200 40 901 50y £ 051 9.8 given area from the same popu

lation over time. Our stomach

Gilmurray (1980) found mainly microplanktonic
prey (e.g., calanoid copepods, cypris larvae, insects)
in the diet of alewives less than 80 mm FL obtained
from tidal creeks in the upper Bay of Fundy. The
shift towards consumption of macrozooplankton
likely occurs at fish sizes smaller than those examined
in the present study (i.e., <95 mm FL).

Diel feeding activity during winter and summer,
as indicated by the mean fullness index, reached a
maximum near mid-day and is typical of size-selec-
tive predators which rely on visual cues (Eggers,
1977). Summer resident subadult alewives in Minas
Basin display a similar feeding pattern, although
peak feeding occurred later in the afternoon (1500
hours), coincident with the time of high tide when
turbidity was lowest and prey visibility highest
(Stone, 1985). Summer feeding activity by juvenile
anadromous alewives in freshwater also peaks dur-
ing the day but ceases or declines overnight (Jessop,
1990). Nocturnal feeding by alewives was more ap-
parent during winter than summer; the significance
of this seasonal difference in feeding activity is un-
clear. Alewives can and do feed efficiently at night
using both particulate (Janssen and Brandt, 1978)

fullness data for alewives from

the Bay of Fundy, Georges
Bank, and the Scotian Shelf covered a wide area
geographically and may involve more than one popu-
lation. The broad temporal and spatial coverage
reduces the effect of day-to-day and regional varia-
tions in diet which would arise from more restricted
sampling. Calculated daily ration levels for alewives
off Nova Scotia were similar to those reported for
other teleosts (Fange and Grove, 1979). Lower esti-
mates were obtained during winter (1.22% BW at
7.16°C) than for summer (1.88% BW at 7.43°C) since
temperature is related to metabolic requirements
and to the evacuation rate of stomach contents
(Durbin et al., 1983). Both estimates are well above
maintenance ration levels for temperatures in the
7—8°C range and are sufficient for positive growth
(Brett and Groves, 1979). Alewife daily ration de-
clined with increasing fish size; small fish, includ-
ing marine species such as North Sea cod, Gadus
morhua (Daan, 1973), winter flounder, Pseudo-
pleuronectes americanus (Huebner and Langton,
1982) and silver hake, Merluccius bilinnearis
(Durbin et al., 1983), generally consume proportion-
ally more food per unit weight than large fish
(Windell, 1978). Overall, our estimates of daily
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Table 5

Mean amount of food (%BW) in the stomachs of alewives, Alosa pseudoharengus, obtained from groundfish
surveys off Nova Scotia (1990-91), with estimates of food consumption (C,) and daily ration (DR = XC,), by
season and size class. n = number of stomachs examined (including empty stomachs. For winter collections,
R = 0.0925, temperature = 7.16°C; for summer collections, R = 0.0954, temperature = 7.43°C.

Stomach
contents (%BW)
Season Time period C, DR
(size class) thr) n Mean + SD (%BW) (%BW)
Winter (all) 2400-0300 84 0.75 + 0.100 1.216
0300-0600 184 0.65 * 0.053 0.098
0600-0900 97 0.23 £+ 0.038 -0.308
0900-1200 122 052 *+ 0.079 0.401
1200-1500 96 1.09 + 0.104 0.792
1500-1800 150 0.20 + 0.032 -0.709
1800-2100 177 0.52 £ 0.043 0.421
2100-2400 189 0.42 + 0.053 0.033
0.488
Summer (all) 2400-0400 11 0.22 £ 0.041 1.880
0400-0800 5 0.58 + 0.198 0.515
0800-1200 61 2.32 + 0.161 2.316
1200-1600 74 1.32 £+ 0.190 -0.320
1600-2000 19 0.48 + 0.249 -0.508
2000-2400 5 0.03 + 0.031 -0.357
0.234
Winter 2400-0400 29 0.95 = 0.233 1.949
(<151 mm FL) 0400-0800 31 1.13 * 0.146 0.563
0800-1200 4 0.90 = 0.382 0.143
1200-1600 3 1.32 *+ 0.439 0.842
1600-2000 13 0.42 + 0.110 —-0.593
20002400 87 0.55 + 0.103 0.311
Winter 2400-0300 22 1.10 £+ 0.199 1.126
(151-200 mm FL) 0300-0600 48 0.61 = 0.095 -0.253
0600-0900 26 0.12 + 0.048 -0.396
0900-1200 29 0.22 + 0.063 0.151
1200-1500 9 0.84 * 0.532 0.765
15001800 69 0.14 = 0.039 -0.565
1800-2100 26 0.74 x 0.153 0.719
2100-2400 25 0.16 * 0.053 -0.457
Winter 2400-0300 30 0.52 = 0.094 1.189
(201-250 mm FL) 0300-0600 60 0.62 + 0.093 0.256
0600-0900 23 0.27 + 0.062 —-0.222
0900-1200 51 0.583 + 0.123 0.372
1200-1500 27 093 + 0.192 0.600
1500-1800 56 0.31 *+ 0.065 -0.453
1800-2100 42 0.61 * 0.075 0.434
2100-2400 36 0.50 * 0.093 0.046
0.156
Winter 2400-0300 14 0.24 =+ 0.052 1.000
(>250 mm FL) 0300-0600 34 0.32 £ 0.042 0.161
0600-0900 47 0.27 = 0.067 0.029
0900-1200 39 0.68 + 0.173 0.545
1200-1500 57 1.19 = 0.124 0.772
1500-1800 22 0.1 = 0.032 -0.902
1800-2100 39 0.31 = 0.076 0.257
2100-2400 11 050 * 0.141 0.302
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Figure 7

Diel feeding chronology of alewives, Alosa
pseudoharengus, from winter and summer
groundfish research surveys off Nova Scotia
(1990-91), as determined from changes in
fullness index values. Data are means (arc-
sine Vp transformed with 95% confidence in-
tervals) placed at the midpoint of each 3-hour
(winter) and 4-hour (summer) interval. Aster-
isk denotes mean significantly different (P<0.05)
from that of previous time interval. Sample size
is adjacent to each symbol. Open and solid por-
tions of horizontal bars represent light and dark
hours during winter and summer.

ration may be on the low side because of possible
weight loss in M. norvegica due to the effects of for-
malin preservation (Steedman, 1976). However,
weight loss in euphausiids preserved for up to one
year would likely be less than 10% because of their
large size and low lipid content (Sameoto, 19931).

1 D. Sameoto, Bedford Institute of Oceanography, Dartmouth,
Nova Scotia B2Y 4A2, pers. commun. July 1993.

The higher mean stomach fullness indices during
summer in the Bay of Fundy and winter on the
Scotian Shelf indicate that these regions are season-
ally important foraging areas for alewives. Off Nova
Scotia, alewives fed most actively (judged by the
proportion of feeding fish and their stomach full-
ness) where oceanic conditions, particularly depth
(>200 m) and temperature, were suitable for M.
norvegica (Kulka et al., 1982; Sameoto et al., 1993).
Alewives prefer bottom temperatures of 7-11°C off-
shore at mid-depths in spring (101-183 m), in shal-
lower nearshore waters in summer (46-82 m) and
in deeper offshore waters in fall (119-192 m) (Stone
and Jessop, 1992). During winter, Meganyctiphanes
seeks deeper, warmer water rather than the cold
upper layers (Bigelow, 1926; Hollingshead and
Corey, 1974). While the seasonal pattern of move-
ment by alewives (inshore and northward during
spring and offshore and southward during fall) is
partially linked with spawning migrations, it is
apparent that their marine distribution is also in-
fluenced by the distribution, availability, and abun-
dance of their main prey, M. norvegica.
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